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Description 

METHOD AND APPARATUS FOR A 
HIGH-SPEED SEARCH OF AN OPTICAL 

MEDRJM 

Cross Reference to Related Applications 

[0001] This application is a continuation of "Method and Appara- 
tus for a High-Speed Search of an Optical Medium" filed 
on June 20, 2000 as U.S. patent application serial number 
09/597,941, which is incorporated herein by reference in 
its entirety. 

Field of the Invention 

[0002] This invention relates generally to a system for recording 
and/or reproducing digital information on an optical 
medium, and, more particularly, to a system which per- 
forms a high-speed search for the information stored on 

the optical medium. 
Background of the Invention 



[0003] information is generally stored by an optical disc in the 
form of concentric or spiral tracks sometimes referred to 
as information tracks. A recording and/or reproducing 
device rotates the optical disc while using a light beam to 
retrieve the information from or record the information to 
the optical disc. As the optical disc rotates, the light beam 
radially traverses the optical disc while a tracking servo 
loop in the recording and/or reproducing device keeps the 
beam of light centered on the information track, or, alter- 
nately, the track will become the information track in the 
case of recording information to the optical disc. 

[0004] a three-beam arrangement is one common arrangement 
used to supply tracking signals to a tracking servo loop, 
which is maintaining the light beam on the current track 
of the optical disc. In this arrangement, a laser beam 
passes through a diffraction grading to form a center 
beam and two secondary beams. The center beam is used 
to read or record information on the optical disc and the 
two secondary beams are used for tracking the current 
track on which the information is being read or recorded. 
The two secondary beams form two spots on opposite 
sides of a track offset with respect to each other. A pho- 
todetector array includes a main array of four photodetec- 



tor sensing the reflection of the center beam and two in- 
dividual photodetectors, commonly referred to as the E 
and F photodetectors, sensing light from the two side 
beams reflected off of the optical disc. 

[0005] a "search" or "seek" operation is a common operation of a 
recording and/or reproducing device the purpose of which 
is to move the light beams from the current track, i.e., the 
track wherein the light beam is presently positioned, to a 
target track. During the "search" operation, the recording 
and/or reproducing device typically searches for the tar- 
get track on the optical disc. Achieving a search operation 
may require the light beams to radially move across sev- 
eral information tracks starting from the current track be- 
fore the target track is found. Once the target address is 
found, the optical disc storage device can return to its 
normal mode of retrieving or recording information. 

[0006] one method of search is to estimate based on the starting 
location of the light beam and the physical parameters of 
the movement system (e.g., mass of a carriage drive, ve- 
locity of movement of an optical head), where the target 
track might be located, and to then initiate commands to 
move the optical head which controls the light beams to- 
ward this target track. The optical head is then moved to 



the estimated track. The estimated track is read to deter- 
mine if the track has been reached. If the target track has 
been overshot or undershot a further estimate is made 
and the optical head is again moved in a direction toward 
the target track. These steps are then repeated until the 
target track is reached. The disadvantage of this approach 
is that it is slow because each time a track is read a close 
loop tracking operation must be achieved. 
[0007] Another method of search is to employ a counter that 
keeps an accumulated total of the number of tracks 
crossed as the optical head is moved radially across the 
disc. The optical head then moves towards the target 
track a number of tracks determined to be the absolute 
value of the starting track number subtracted from the 
target track number. This approach speeds up the search 
but it is only as effective as the accuracy of the track 
crossing counter. Previous counting devices have counted 
the total number of tracks traversed whether a track is 
traversed in a forward or backward direction. In the situa- 
tion where an optical disc is subject to vibrations and ac- 
celeration forces, the optical head may move back and 
forward several times from the initial track to the destina- 
tion track. Thus, the total number of tracks counted will 



be an overestimate of the actual number of tracks tra- 
versed. An additional source of error in the count may be 
introduced due to eccentricity of the optical disc. An inac- 
curate count track slows down the search, since if the tar- 
get track has been overestimated or underestimated a 
new search must be initiated in order to move the optical 
head to the target track. 
[0008] | n order to solve the above problems, it is desirable to 

find an apparatus and method for counting tracks during 
a search, which is accurate even in the presence of vibra- 
tion, acceleration forces, eccentricity, and other sources of 
error. 

Objects of the Invention 

[0009] | n V j ew 0 f the foregoing, an object of the present inven- 
tion is to provide an optical information recording/re- 
producing apparatus that is capable of searching a target 
track with an enhanced reliability. 

[0010] Accordingly, another object of the present invention is to 
provide an optical information recording/reproducing ap- 
paratus which is capable of searching a target track with 
an enhanced reliability and accuracy during a search re- 
gardless of the presence of vibrations or other accelera- 
tion forces acting on the recording/reproducing appara- 



tus. 

[0011] Accordingly, another object of the present invention is to 
provide an optical information recording/reproducing ap- 
paratus that is capable of a high-speed search. 

[0012] | t j S another object of the present invention to provide a 
high-speed search having improved accuracy of track 
counting during the high-speed search. 

[0013] it is yet another object of the present invention to provide 
a search apparatus and method with improved accuracy of 
track counting during a high-speed search by taking into 
account the direction of crossing of a track during the 
search. 

[0014] it i S still another object of the present invention to provide 
a search apparatus and method with improved accuracy of 
track counting during a high-speed search by counting 
the net track movement, rather than counting the total 
accumulated movement resulting from bi-directional track 
crossings. 

[0015] it is yet another object of the present invention to provide 
a search apparatus and method with improved accuracy of 
track counting during a high-speed search by arranging 
the E and F beams of a three-beam tracking system in 
quadrature, to thus enable a high-speed search based on 



an accurate track count using simplified components. 
[0016] it is still another object of the present invention to provide 
a high-speed search by using a plurality of rates of mo- 
tion. 

[0017] | t j S yet another object of the present invention to provide 
a high-speed search by using a plurality of rates of mo- 
tion and choosing one of the rates of motion based on an 
improved track count of the present invention. 

[0018] Further objects and advantages of the present invention 
will become apparent from a consideration of the draw- 
ings and ensuing description. 
Summary of Invention 

[0019] | n order to achieve the above-mentioned objectives, the 
present invention conducts a high-speed search on an 
optical medium having a plurality of tracks on which in- 
formation is recorded. At least a first light spot and a sec- 
ond light spot are directed by an optical system onto the 
optical medium. The light spots traverse across the tracks 
in one of a first direction and a second direction. A pho- 
todetector unit receives a reflected component of the first 
light spot and a reflected component of the second light 
spot to form, respectively, a first electrical signal and a 
second electrical signal. Digital shaping circuitry respec- 



tively converts the first electrical signal and the second 
electrical signal into a first digital signal and a second 
digital signal. A quadrature detector receives the first dig- 
ital signal and the second digital signal to produce from 
the first digital signal and the second digital signal an up- 
count signal indicating that the light spots are traversing 
the tracks in the first direction and a down-count signal 
indicating that the light spots are traversing the tracks in 
the second direction. 

[0020] According to another aspect of the present invention, a 
counter counts, during the search, the up-count signal 
and the down-count signal to determine a number of 
tracks traversed by the light spots. 

[0021] | n y e t another aspect of the present invention, a micro- 
computer is coupled to the quadrature detector and is 
configured to count, during the search, the up-count sig- 
nal and the down-count signal to identify a number of 
tracks traversed by the light spots. 

[0022] | n an additional aspect of the present invention, the first 
light spot and the second light spot are arranged on the 
tracks in a quadrature relationship to each other. In an 
additional embodiment of the present invention, the first 
electrical signal and the second electrical signal are ar- 



ranged on the tracks in a quadrature relationship to each 
other. In another embodiment of the present invention, 
the first digital signal and the second digital signal are ar- 
ranged in a quadrature relationship to each other. 
[0023] | n a further aspect of the present invention, the quadra- 
ture relationship is characterized by about a 90-degree 
shift between the first digital signal and the second digital 
signal. 

[0024] | n accordance with yet another aspect of the present in- 
vention, the quadrature relationship is characterized by a 
tolerance relationship between the first digital signal and 
the second digital signal. The tolerance relationship is de- 
termined so that the first digital signal and the second 
digital signal vary within a specified number of degrees of 
90 degrees as permitted by a tolerance parameter of the 
quadrature detector. 

[0025] in still another aspect of the present invention, the 

quadrature relationship is characterized by the first digital 
signal leading the second digital signal in time. 

[0026] in yet another aspect of the present invention, the 

quadrature relationship is characterized by the second 
digital signal leading the first digital signal in time. 

[0027] in accordance with another aspect of the present inven- 



tion, a light source creates a light beam. A diffraction 
grating splits the light beam into at least at least a first 
light beam and a second light beam causing, respectively, 
the first light spot and the second light spot. Typically, the 
quadrature relationship is produced by adjusting the 
diffraction grating. 

[0028] | n s ti|| another aspect of the present invention, the pho- 
todetector unit forms a three-beam system comprising a 
first photodetector receiving the first light spot and a sec- 
ond photodetector receiving the second light spot. 

[0029] | n y e t another aspect of the present invention, the pho- 
todetector unit forms a three-beam system and a first 
photodetector receives the first electrical signal being an E 
signal of the three-beam system and a second photode- 
tector receives the second electrical signal being an F sig- 
nal of the three-beam system. 

[0030] in a further aspect of the present invention, a carriage 
moves a portion of the optical system across the optical 
medium. The carriage moves the optical system using one 
or more rates of motion. Each of the one or more rates of 
motion is determined to operate within an interval defin- 
ing a distance between tracks of the optical medium. A 
first distance is computed to be a difference between a 



current track over which the optical system is presently 
positioned and a target track. The current track is deter- 
mined from the up-count signal and the down-count sig- 
nal. The optical system is moved at the rate of motion 
corresponding to the interval in which the first distance 
falls. 

[0031] | n an additional aspect of the present invention, the 
quadrature detector further comprises a first flip-flop 
having a clock input and a Q output. The first digital sig- 
nal is coupled to the clock input of the first flip-flop. The 
up-count signal is coupled to the Q output of the first 
flip-flop. A second flip-flop has a clock input and a Q 
output. The second digital signal is coupled to the clock 
input of the second flip-flop. The up-count signal is cou- 
pled to the Q output of the second flip-flop. 

[0032] | n vet another aspect of the present invention, the digital 
shaping circuitry comprises a first Schmitt-trigger which 
converts the first electrical signal into the first digital sig- 
nal and a second Schmitt-trigger which converts the sec- 
ond electrical signal into the second digital signal. 

[0033] in still another aspect of the present invention, the optical 
system comprises an objective lens which directs the first 
light spot and the second light spot onto the optical 



medium. 

[0034] | n one embodiment of the present invention, a method 

conducts a high-speed search by adjusting at least a first 
light spot and a second light spot to form a quadrature 
relationship to each other. The first and second light 
spots are then directed onto an optical medium. The light 
spots traverse across tracks of the optical medium in one 
of an inward direction and an outward direction. A re- 
flected component of the first light spot is received to 
form a first electrical signal and a reflected component of 
the second light spot is received to form a second electri- 
cal signal. The first electrical signal and the second elec- 
trical signal are shaped into a first digital signal and a 
second digital signal. From the quadrature relationship of 
the first digital signal and the second digital signal, an 
up-count signal indicating that the light spots are travers- 
ing the tracks in the first direction and a down-count sig- 
nal indicating that the light spots are traversing the tracks 
in the second direction are determined. 

[0035] | n a further aspect of the present invention, the up-count 
signal and the down-count signal are counted to estimate 
a number of tracks traversed by the light spots. 

[0036] in still another aspect of the present invention, a counter, 



having sufficient memory to record a maximum number of 
tracks traversed, receives the up-count signal and the 
down-count signals and generates the estimate of the 
number of tracks traversed. 

[0037] | n vet another aspect of the present invention, a micro- 
computer receives the up-count signal and the down- 
count signals and generates the estimate of the number of 
tracks traversed. 

[0038] | n another aspect of the present invention, the first light 
spot and the second light spot are moved at one of three 
rates of movement. One of the three rates of movement is 
selected based on a distance between a current track and 
a target track wherein the current track is estimated by 
the counting step. 

[0039] in still another aspect of the present invention, a distance 
between a current track over which an optical system is 
presently positioned and a target track is determined. The 
optical system is configured to position the first and the 
second light spots on the optical medium. The optical 
system is moved at a high rate of movement if the dis- 
tance is greater than a significant distance. The optical 
system is moved at a medium rate of movement if the 
distance is greater than a nominal distance but less than 



the significant distance. The medium rate of movement is 
less than the high rate of movement. The nominal dis- 
tance is less than the significant distance. The optical sys- 
tem is moved at a low rate of movement if the distance is 
less than the nominal distance but greater than a minimal 
distance. The low rate of movement is less than the 
medium rate of movement and the minimal distance being 
less than the nominal distance. The number of tracks 
crossed is counted, based on the up-count signal and the 
down-count signal, while the optical system is moving ac- 
cording to one of the above moving steps, to determine 
the current track. 
[0040] | n y e t another aspect of the present invention, a method 
determines a distance between a current track over which 
an optical system is presently positioned and a target 
track. The optical system is configured to position the 
first and the second light spots on the optical medium. A 
plurality of rates of motion is then determined for moving 
the optical system. A plurality of disjoint intervals defining 
a number of tracks to be crossed is determined. Each one 
of the plurality of rates of motion corresponds to one of 
the disjoint intervals. The optical system moves at one of 
the rates of motion if the distance falls within the corre- 



sponding interval. The number of tracks crossed is 
counted to determine the current track, based on the up- 
count signal and the down-count signal, while the optical 
system is moving according to one of the above moving 
steps. 

Brief Description of Drawings 

[0041] | n order to facilitate a fuller understanding of the present 
invention, reference is now made to the appended draw- 
ings. These drawings should not be construed as limiting 
the present invention, but are intended to be exemplary 
only. 

[0042] FIG. 1 is a simplified schematic of a recording/repro- 
ducing apparatus for recording to and/or reproducing 
from an optical medium. 

[0043] FIG. 2 is a block diagram showing optical elements of the 
recording/reproduction apparatus according to the 
present invention. 

[0044] FIG. 3 is a diagram showing tracks of an optical recording 
medium used in the recording/reproduction apparatus 
according to the present invention. 

[0045] FIG. 4 is a diagram showing three beams of a three-beam 
tracking system. 

[0046] FIG. 5 is a diagram showing a photodetector array em- 



ployed in a three-beam tracking system. 

[0047] FIG. 6 is a diagram showing circuitry for controlling the 

read/record beams of the recording/reproduction appara- 
tus according to the present invention. 

[0048] FIG. 7 is a block diagram showing a track crossing detec- 
tion unit according to the present invention. 

[0049] FIG. 8 is a diagram of an embodiment of a quadrature de- 
tector. 

[0050] FIG. 9 shows the electrical signals at selected locations of 
the track crossing detection unit according to the present 
invention. 

[0051] FIG. 10A illustrates the E and F quadrature signals, with 
the E signal leading the F signal. 

[0052] FIG. 10B illustrates the E and F quadrature signals, with 
the F signal leading the E signal. 

[0053] FIG. 11 shows the electrical signals at the input and out- 
put of the quadrature detector according to the present 
invention. 

[0054] FIG. 12 illustrates the main variables of a multi-rate 
search according to the present invention. 

[0055] FIG. 13 is a flow diagram of a method of searching ac- 
cording to the present invention. 
Detailed Description of a Preferred Embodiment 



[0056] Referring to FIG. 1, there is shown a simplified schematic 
of a recording/reproducing apparatus 1 for recording to 
and/or reproducing from an information media such as 
videodiscs, magneto-optical discs, audio discs, and com- 
puter data discs, collectively referred to herein as an "opti- 
cal disc". Although the following embodiment is described 
as acting on an optical disc, modifications of the embodi- 
ment may also act on other forms of optical media, such 
as optical tape. 

[0057] The recording/reproducing apparatus 1 comprises an op- 
tical system 10, alternately known in the art as an optical 
head, for focusing a read/record beam 16 onto and re- 
ceiving a reflected read/record beam 17 from an informa- 
tion-bearing surface 61 of an optical disc 60. In various 
embodiments of the recording/reproducing apparatus 1, 
the read/record beams 16 and the reflected read/record 
beam 17 may be configured to read, record, or to both 
read and record information to or from the information-bear- 
ing surface 61 of the optical disc 60. The recording/re- 
producing apparatus 1 further comprises a control unit 
100 for moving the read/record beam 16 with respect to 
the information-bearing surface 61 using the control sig- 
nals 66, 69, and 72. The control unit 100 receives feed- 



back in the form of tracking and focusing information 
from electrical signals 41a-f which are received from the 
optical system 10, as will be further described below. 
[0058] Referring to FIG. 2, there is shown the optical system 10 
including a light source 15, preferably a laser, employed 
for generating the read/record beam 16 which is used for 
reading or recording an encoded signal stored on the in- 
formation-bearing surface 61 of the optical disc 60. The 
read/record beam 16 follows a path through a first lens 
20, a diffraction grating 25, a beam splitting prism 30, a 
quarter wave plate 35, a mirror 36, and an objective lens 
38 to a point of impingement 37 on the information-bear- 
ing surface 61 of the optical disc 60. The read/record 
beam 16 is reflected at the point of impingement 37 from 
the information-bearing surface 61 of the optical disc 60 
to form the reflected read/record beam 17 which follows a 
return path through the objective lens 38, the mirror 36, 
the quarter wave plate 35, the beam splitting prism 30 to 
a photodetector unit 40. The photodetector unit 40 per- 
forms the operation of measuring the intensity of light of 
the reflected read/record beam 17 and converting this in- 
tensity of light into the electrical signals 41a-f which are 
passed to the control unit 100. 



[0059] Referring to FIG. 2, the operation of the optical system 10 
is now described in more detail. FIG. 2 shows the read/ 
record beam 16 generated by the light source 15 first 
passing through the first lens 20, which is employed for 
shaping the read/record beam 16. After the read/record 
beam 16 is properly shaped by the first lens 20, it passes 
through the diffraction grating 25 which splits the read/ 
record beam 16 into three separate beams 16a, 16b and 
16c as shown in FIG. 4. 

[0060] The side beams 16b and 16c are employed for developing 
a radial tracking error signal 51 (see FIG. 6) and the center 
beam 16a is used for developing both a focus error signal 
52 (see FIG. 6) and an information signal (not shown). The 
beams 16a, 16b, 16c are treated identically by the re- 
maining portion of the optical system 10. Therefore, they 
are collectively referred to as the read/record beam 16. 

[0061] The output of the diffraction grating 25 is applied to the 
beam splitting prism 30. The transmitted portion of the 
read/record beam 16 is applied through the quarter wave 
plate 35 which provides a forty-five degree shift in polar- 
ization of the light forming the read/record beam 16. The 
read/record beam 16 next impinges upon the mirror 36, 
which redirects the read/record beam 16 to the objective 



lens 38. The objective lens 38 is used to shape the read/ 
record beam 16 into a spot of light having a desired size 
at the point of impingement 37 at which the read/record 
beam 16 impinges upon the information-bearing surface 
61 of the optical disc 60. 
[0062] Referring to FIG. 3, there is shown an enlarged portion of 
the information-bearing surface 61 of the optical disc 60. 
The optical disc 60 includes a plurality of information 
tracks 73 formed on the information-bearing surface 61 
of the optical disc 60. Each of the information tracks 73 
comprises a succession of light reflective regions 76 and 
light non-reflective regions 75. The light reflective regions 
76 have generally planar, highly polished surfaces, such 
as a thin aluminum layer. The light non-reflective regions 
75 are generally light scattering surfaces and appear as 
bumps or elevations above the planar surface represent- 
ing the light reflective regions 76. The read/record beam 
16 has one or more degrees of movement with respect to 
the information-bearing surface 61 of the optical disc 60, 
one of which is in the radial direction. The light beam 
spots 16a', 16b', 16c' are formed by focusing the read/ 
record beams 16a, 16b, 16c onto the tracks 73 of the in- 
formation-bearing surface 61 of the optical disc 60. The 



light spots 16a', 16b', 16c' pass over the light reflective 
regions 76 and the light non-reflective regions 75 of the 
rapidly rotating the optical disc 60 to form, respectively, 
the reflected read/record beams 17a, 17b, 17c, collec- 
tively referred to as the reflected read/record beam 17. 
The three light beam spots 16a', 16b', 16c' are positioned 
on the tracks 73 of the optical disc 60. Data is encoded on 
the tracks 73 of the optical disc 60 in the form of pits 
(e.g., 75) and the spaces therebetween 76. If light strikes 
the spaces 76 between the pits 75 it is reflected back into 
the objective lens 38. If light strikes the pit 75, it is not 
reflected. 

[0063] Referring back to FIG 2, the reflected light from the point 
of impingement 37 of the optical disc 60 is gathered by 
the objective lens 38 to create the reflected read/record 
beam 17. The reflected read/record beam 17 retraces the 
same path previously explained by impinging in sequence 
upon the mirror 36, and the quarterwave plate 35, which 
provides an additional forty five degree polarization shift 
resulting in a cumulative total of one hundred eighty de- 
grees in shift of polarization. The reflected read/record 
beam 17 then impinges upon the beam splitting prism 30 
which diverts a portion of the reflected read/record beam 



17 to impinge upon the photodetector unit 40. 

[0064] FIG. 5 shows further elements of the photodetector unit 
40. The photodetector unit 40 is configured as a three- 
spot tracking pickup arrangement comprising four adja- 
cent photodetectors 40a, 40b, 40c, 40d. Diagonally oppo- 
site the larger square comprising the four photodetectors 
40a-d are the two tracking photodetectors 40e, 40f. The 
photodetector unit 40 receives the reflected read/record 
beam 17 comprising the reflected read/record beams 17a, 
17b, 17c. The reflected read/record beams 17a, 17b, 17c 
result from the reflection of read/record beams 16a, 16b, 
and 16c from the information-bearing surface 61 of the 
optical disc 60. The reflected beams 17b, 17c impinge 
upon the tracking photodetectors 40e and 40f. The center 
beam 17a impinges on the four adjacent photodetectors 
40a, 40b, 40c, 40d. 

[0065] Referring back to FIG. 2, the recording/reproducing appa- 
ratus 1 further comprises mechanisms for moving optical 
components of the optical system 10, including a carriage 
65, an actuator coil 68, and an actuator coil 71. The car- 
riage 65 radially moves the optical system 10 across the 
information-bearing surface 61 of the optical disc 60 in 
response to the carriage drive signal 66. The actuator coil 



68 moves the objective lens 38 in a direction along a focal 
plane with respect to the optical disc 60 in response to 
the focus drive signal 69. The actuator coil 71 moves the 
objective lens 38 in a radial direction across the optical 
disc 60. The tracking drive signal 72 varies a current flow- 
ing through the actuator coil 71 in a manner that effects a 
motion of the objective lens 38 in the radial inward direc- 
tion 22a or the radial outward direction 22b for tracking. 
The above-described mechanisms for moving the optical 
components will be further described with reference to 
FIG 6. 

[0066] Referring to FIG. 6, the control unit 100 controls tracking 
and focusing of the light spots 16a 1 , 16b 1 , 16c 1 at the 
point of impingement 37 of the information-bearing sur- 
face 61 of the optical disc 60. The control unit 100 com- 
prises a digital signal processor (DSP) 120, a microcom- 
puter 130, a track crossing detection unit 200, a keypad 
151 and/or a remote control keypad/transmitter 150a 
and associated therewith a remote control receiver 150b. 

[0067] The DSP 120 receives the electrical signals 41a-f from the 
photodetector elements 40a-f of the photodetector unit 
40 which measure the light intensity from the reflected 
read/record beams 17a-c. The DSP 120 then performs 



analog processing on the received electrical signals 41a-f 
to produce output signals for controlling the relation of 
the read/record beam 16 with respect to the information- 
bearing surface 61 of the optical disc 60, including a 
tracking error signal (Te) 51, a focus error signal (Fe) 52, 
and a carriage signal 53. 

[0068] The focus error signal 52 is amplified by an amplifier 54 
to produce the focus drive signal 69 having sufficient cur- 
rent to drive the actuator coil 68. The DSP 120 forms the 
focus error signal 52 from the photodetector signals 
41a-d. The focus drive signal 69 varies the current flow- 
ing through the actuator coil 68 in a manner that effects a 
motion of the objective lens 38 in a focal direction with 
respect to the information-bearing surface 61 of the opti- 
cal disc 60. An apparatus and method for focus control is 
described in Ceshkovsky (U.S. Patent 5,978,331), incorpo- 
rated herein by reference. 

[0069] The tracking error signal 51 is amplified by an amplifier 
56 to produce the tracking drive signal 72 having suffi- 
cient current to drive the actuator coil 71. The tracking 
drive signal 72 varies the current flowing through the ac- 
tuator coil 71 in a manner that effects a motion of the ob- 
jective lens 38 in a radial inward direction 22a or a radial 



outward direction 22b for tracking. The tracking error sig- 
nal 51 is formed by taking the difference between the 
electrical signals output from the photodetectors 40e and 
40f. FIG. 3 illustrates the pair of tracking light spots 16b' 
and 16c' irradiated so that they form a pair of tracking 
beams to be disposed symmetrically with the center beam 
light spot 16a' sandwiched therebetween on a line form- 
ing a predetermined angle with respect to the track 73 to 
which tracking is performed. 

[0070] The reflected light rays of the pair of tracking beams 17e, 
17f from the information-bearing surface 61 of the opti- 
cal disc 60 are respectively received by the pair of pho- 
todetectors 40e and 40f. The difference between the re- 
spective electrical signals 41e and 41f output from the 
photodetectors 40e and 40f is employed as the tracking 
error signal 51. An apparatus and method for tracking is 
described in Ceshkovsky (U.S. Patent 5,689,485), incorpo- 
rated herein by reference. 

[0071] The carriage signal 53 is amplified by an amplifier 55 to 
produce the carriage drive signal 66 having sufficient cur- 
rent to direct the carriage drive 65 to move the optical 
system 10 radially across the information-bearing surface 
61 of the optical disc 60. 



[0072] The microcomputer 130 has resident therein programs for 
controlling the recording/reproducing apparatus 1, in- 
cluding programs for controlling the tracking error signal 
51, the focus error signal 52, and the carriage signal 53. 
The microcomputer 130 is electrically coupled to the DSP 
120 through a serial bus 111 over which information and 
control signals are transmitted. The microcomputer 130, 
preferably directed by one of the resident programs, di- 
rects the point of impingement 37 of the read/record 
beam 16 on the information-bearing surface 61 of the 
optical disc 60 so as to radially track the information car- 
rying indicia located on the tracks 73 on the information- 
bearing surface 61 of the optical disc 60. The tracking is 
accomplished by driving the actuator coil 71 to respond to 
the tracking error signal 51, so that the point of impinge- 
ment 37 of the read/record beam 16 is directed to a de- 
sired position in a radial direction over the information-bear- 
ing surface 61 of the optical disc 60. 

[0073] a user may initiate commands such as "search" or "pause" 
to the microcomputer 130 by entering the commands on a 
key pad 151 or, alternately, on the remote control key pad 
150a remotely coupled to the remote control receiver 
150b. The microcomputer 130 may have resident one or 



more computer programs to carry out a search for a track 
of the information-bearing surface 61 of the optical disc 
60. The microcomputer 130 receives one or more signals 
from the track crossing detection unit 200, including an 
up-count signal 225, a down-count signal 226, and a 
counter output signal 227. The microcomputer 130 di- 
rects the search by controlling the tracking drive signal 72 
and/or the carriage drive signal 66 by issuing commands 
through the serial bus 111. 
[0074] FIG. 7 shows the track crossing detection unit 200 com- 
prising the photodetectors 40e, 40f, pre-amplifiers 215, 
216, low pass filters 220, 221, pulse shapers 230, 231, a 
quadrature detector 240, and an up/down counter 250. 
The track crossing detection unit 200 outputs the up- 
count signal 225, the down-count signal 226, and the 
counter output signal 227. The signals 225, 226, 227 are 
electrically coupled as inputs to the microcomputer 130 
shown in FIG. 6. The up/down counter 250 produces the 
counter output signal 227 representing a numerical value 
depending on the inputs 225, and 226. A pulse on the 
up-count signal 225 increments by one the counter out- 
put signal 227. A pulse on the down-count signal 226 
decrements by one the counter output signal 227. 



[0075] Referring to FIG. 7, there is shown the photodetectors 40e 
and 40f, having received the reflected read/record beams 
17e and 17f, respectively, converting the reflected read/ 
record beams 17e and 17f to electrical signals 41e and 
41f, respectively. The pre-amplifiers 215, 216 amplify the 
electrical signals 41e and 41f, respectively, to form, re- 
spectively, the amplified electrical signals 42e and 42f. An 
example of the signals 42e and 42f is depicted in FIG. 9. 
The signals 42e, 42f are shown having high frequency 
noise resulting from traversing the tracks of the informa- 
tion-bearing surface 61 of the rapidly rotating the optical 
disc 60. 

[0076] During the search mode light beam spots 16a 1 , 16b 1 , and 
16c 1 traverse the information tracks 73 of the informa- 
tion-bearing surface 61 of the optical disc 60 in approxi- 
mately a radial direction. As light beam spots 16a' and 
16c' traverse the disc, the electrical signals 41e and 41f 
form a sinusoidal like waveform as a result of the differ- 
ences in reflectance between the areas of the tracks con- 
taining information and the areas not containing informa- 
tion. The electrical signals 41e and 41f have been previ- 
ously adjusted to form a quadrature relationship with each 
other. 



[0077] Each of the signals 42e,42f is passed through the respec- 
tive low pass filter 220, 221 to remove any high frequency 
noise to produce filtered electrical signals 43e, 43f as 
shown in FIG. 9. Each of the filtered signals 43e, 43f 
passes through one of the respective pulse shaping cir- 
cuits 230, 231, preferably a Schmitt-trigger, to convert 
each signal to its respective digital signal 44e, 44f having 
square pulse shapes as shown in FIG. 9. The pulse shap- 
ing circuits 230, 231 may include other pulse shaping 
means such as an analog comparator. The digital signals 
44e, 44f are input to the quadrature detector 240. 

[0078] The signals 44e, 44f are prepared for reception by the 

quadrature detector 240 by adjustment of the signals 44e, 
44f to form a quadrature relationship an example of 
which is depicted in FIG. 9. A quadrature relationship is 
formed by adjustment of the light spots 16b', 16c', or by 
adjustment of one of the electrical signals, including the 
smooth signals 42e, 42f, and the digital signals 44e, 44f. 
The digital signals 44e, 44f are adjusted to form a 
90-degree relationship. Additionally, the digital signals 
44e, 44f are also adjustable to form an approximately 
90-degree relationship as permitted by the tolerance re- 
quirements of the quadrature detector 240. In one em- 



bodiment, the tracking spots 16b' and 16c' are adjusted 
by rotating the diffraction grating 25 so that the digital 
signals 44e and 44f form a quadrature relationship with 
each other. However, other methods of adjusting the sig- 
nals 44e and 44f to form a quadrature relationship are not 
precluded, for example, adjusting the positions of the 
light source, objective lens, mirror angle, and/or optical 
and electrical parameters of the recording/reproducing 
apparatus 1. Additionally, in other embodiments the 
quadrature relationship may be established with respect 
to other signal pairs, including the light spot pair 16a', 
16b 1 , the signal pair 41e, 41f, the signal pair 42e, 42f, and 
the signal pair 43e, 43f. 
[0079] FIG. 8 shows the quadrature detector 240 comprising a JK 
flip-flop 263 and a JK flip-flop 264. The JK flip-flop 263, 
comprising a clock input (CLK), a Q output and a Q- 
overscore output, receives the signal 44e in the clock in- 
put (CLK) and outputs the signal 225 from the Q- 
overscore output. The JK flip-flop 264, comprising a clock 
input (CLK), a Q output and a Q-overscore output receives 
the signal 44f in the clock input (CLK) and outputs the 
signal 226 from the Q-overscore output. The Q-overscore 
output of the JK flip-flop 263 is connected to a J input of 



the JK flip-flop 263. The Q-overscore output of the JK 
flip-flop 264 is connected to a J input of JK flip-flop 264. 
The K inputs of the JK flip-flops 263, 264 are connected 
to each other and to ground. The signal 44e additionally 
connects to a reset input 265 of the JK flip-flop 264. The 
signal 44f additionally connects to a reset input 266 of 
the JK flip-flop 263. The resets 265, 266 reset on the 
negative transition edges. 
[0080] | n the case when movement of the optical system 10 

causes read/record beams 16a, 16b, 16c to radially tra- 
versed the tracks of the information-bearing surface 61 of 
the optical disc 60 in an inward direction 22a, i.e., moving 
from the outer edge of the information-bearing surface 
61 of the optical disc 60 to the inner edge of the informa- 
tion-bearing surface 61 of the optical disc 60, light beam 
spots 16a', 16b', and 16c' radially cross the tracks 73 of 
the information-bearing surface 61 of the optical disc 60 
with the reflected light beam spot 16b' preceding the re- 
flected light spot 16c'. As a result, as shown in FIG. 9, the 
electrical signal 42e will lead the electrical signal 42f as 
the light beam spot 16b' proceeds the light spot 16c' by 
approximately 90 degrees, the signals 44e and 44f having 
been previously adjusted to be in a quadrature relation- 



ship. 

[0081] As illustrated in FIG. 9 and repeated in FIG. 10A, traversal 
of the information-bearing surface 61 in the inward direc- 
tion 22a causes the signal 44e to lead the signal 44f. As a 
result, a falling edge 347 of the signal 44e occurs in time 
before a falling edge 350 of the signal 44f. The falling 
edge 347 of the signal 44e input to the CLK input of the 
JK flip-flop 263 has the effect of setting the Q output of 
the upper JK flip-flop 263 high. The JK flip-flop 263 is re- 
set asynchronously by a low level 349 on the signal 44f. 
Thus, the upper JK flip-flop 263 pulsates with every cycle 
of tracks traversed. The falling edge 350 of the signal 44f, 
which is input to the clock input of the lower JK flip-flop 
264 won't set the Q output of the JK flip-flop 264 to a 
high level because the Q output of the JK flip-flop 264 is 
held low by a low level 351 of the signal 44e, which is fed 
into the asynchronous reset input 265 of the JK flip-flop 
264. Consequently, the Q output of the JK flip-flop 264 
always stays low, and the Q-overscore output 226 always 
stays high while the light beam spots 16a', 16b', 16c' tra- 
verse the tracks 73 of the optical disc 60 in the radially 
inward direction 22a. 

[0082] | n t ne case w hen movement of the optical system 10 



causes the read/record beams 16a, 16b, 16c to radially 
traverse the tracks of the optical disc 60 in the radially 
outward direction 22b, the light beam spots 16a', 16b', 
and 16c' radially cross the tracks 73 on the information-bear- 
ing surface 61 of the optical disc 60 with reflected light 
spot 16c' preceding reflected light beam spot 16b'. As a 
result, as shown in FIG. 10B, the signal 44f will lead the 
signal 44e in time by approximately 90 degrees, the sig- 
nals 44e and 44f having been previously set to be in a 
quadrature. When the optical disk is traversed in the radi- 
ally outward direction 22b, the signal 44f leads the signal 
44e. Thus, the falling edge 350 of the signal 44f has the 
effect of setting the Q output of the lower JK flip-flop 264 
high. Then the JK flip-flop 264 is reset asynchronously by 
the low level 351 on the signal 44e. Thus, the lower JK 
flip-flop 264 pulsates with every cycle of tracks traversed. 
The falling edge 347 of the signal 44e, which is input to 
the clock input of the upper JK flip-flop 263, won't set the 
JK flip-flop 263 high. That is because the JK flip-flop 263 
is held low by the low level 349 of the signal 44f, which is 
fed into the asynchronous reset input 266 of the JK flip- 
flop 263. Consequently, the Q output of the JK flip-flop 
263 always stays low and the Q-overscore output 225 al- 



ways stays high while light beam spots 16a', 16b', 16c' 
traverses the tracks 73 of the optical disc 60 in the radi- 
ally outward direction 22b. FIG 10A showing signal 44e 
leading signal 44f and is to be contrasted with FIG. 10B 
showing signal 44f leading signal 44e. 
[0083] FIG. 11 shows two signals output from the quadrature de- 
tector 240, the up-count signal 225 and the down-count 
signal 226. A pulse on the up-count signal 225 indicates 
the light spots 16b\ 16c' have traverses a track of the op- 
tical disc 60 radially inwardly 22a. A pulse on the down- 
count signal 226 indicates the light spots have traversed a 
track of the optical disc 60 in the radially outward direc- 
tion 22b. 

[0084] The up-count signal 225 and the down-count signal 226 
are connected to the up/down counter 250 that counts in 
an incremental way the number of tracks traversed. The 
up/down counter 250 receives the first signal 225 indi- 
cating the up-count and the second signal 226 indicating 
the down-count. A pulse on the first signal 225 causes 
the up/down counter 250 to increment an accumulated 
total by one. A pulse of the second signal 226 causes the 
up/down counter 250 to decrement the accumulated total 
by one. The up/down counter 250 is of sufficient size to 



store the maximum number of tracks to be traversed dur- 
ing the search. Alternately, the up-count signal 225 and 
the down-count signal 226 may be connected directly to 
the microcomputer 130. This requires the use of interrupt 
inputs of a very fast microcomputer. 

[0085] The first part (0<t<to, where t is time) of FIG. 11 shows 
the outputs 225,226 of the quadrature detector 240 
caused by the inputs 44e,44f in the case where the search 
direction is in the radially inward direction 22a so that the 
signal 44e leads the signal 44f by about 90 degrees. As a 
result, the signal 225 pulsates for each track traversal 
while the signal 226 remains high. 

[0086] | n the second part (t > to) of FIG. 11, the search direction 
being reversed to the radially outward direction 22b 
causes a phase change observable by a pulse 361 of sig- 
nal 44f being of shorter duration than the other pulses. 
The signal 44f now leads the signal 44e by about 90 de- 
grees. As a result, the signal 226 pulsates for each track 
traversal while the signal 225 remains high. 

[0087] T ne present invention has the advantage of improving the 
accuracy of a high-speed search even in the situation 
where acceleration forces are applied to the optical pickup 
during the high-speed search. Because either an up-pulse 



or a down-pulse is produced for each track traversed, the 
optical pickup may move several times back and forth be- 
tween the initial track and the target track of the search 
and the correct number of tracks traversed will still be 
counted. This is not true of a device that forms a count 
estimate from an integrated average of tracks traversed 
during a predetermined time period. 

[0088] FIG. 13 shows a method of search 400 typically directed 

by a program resident in the microcomputer 130. The mi- 
crocomputer 130 is configurable to receive the count sig- 
nal 227 from the up/down counter 250 or, alternately, the 
up-count signal 225 and the down-count signal 226 di- 
rectly from the quadrature detector 240. 

[0089] At step 401, the search begins by determining the target 
track and the current track. The target track is input by a 
user via keypads 151, 150a or otherwise determined by a 
program of the microcomputer 130. The current track is 
initially determinable, for example, by reading a track ad- 
dress imprinted on the current track. 

[0090] At step 405, the difference (d) is determined by subtract- 
ing the current track location from the target track loca- 
tion. At step 410 if it is decided that the target track loca- 
tion is greater than the current track location (d > 0), a 



forward search is initiated at step 420, or, conversely if 
the target track location is less than the current track lo- 
cation (d < 0), a reverse search is initiated at step 415. 
[0091] As illustrated in FIG. 12, one of three rates of movement 
of the optical system 10 is initiated based on the relation- 
ship of the distance between the current and target track. 
The rates of movement of the carriage 65 are denoted 
high, medium, and low wherein low < medium < high. 
The following distance values are pre-determined: mini- 
mal (min), nominal (nom), and significant (sig), wherein 
min < nom < sig, as illustrated in FIG. 12. The high rate 
of movement is initiated if the difference in distance be- 
tween the current track and the target track is more than 
the significant distance (i.e., d > sig). The medium rate of 
movement is initiated if the difference between the cur- 
rent track and the target track is less than the significant 
distance but greater than the nominal distance (i.e., nom 
< d < sig). The low rate of movement is initiated if the 
difference between the current track and the target track 
is greater than a minimum distance but less than the 
nominal distance (i.e., min < d < nom). The final search is 
conducted when the difference is less than the minimum 
distance (i.e., d< min). The three parameters, i.e., min, 



nom, sig, and the three velocity parameters, i.e. low rate, 
medium rate, high rate, are chosen based on the charac- 
teristics of the optical system 10, such as the mass of the 
carriage 65 and the acceleration force applied on the car- 
riage 65. 

[0092] | t j S decided at step 425 whether d > sig. If d > sig, then 
in step 430 the microcomputer 130 sends a first signal to 
the DSP 120 to disable the track drive signal 72 and sends 
a second signal to the DSP 120 to activate the carriage 65 
to move the optical system 10 at a high speed in a for- 
ward or reverse direction as was decided at step 410. 
Consequently, the carriage 65 is moved at the high speed 
in an open-loop mode until a first pre-determined num- 
ber of tracks have been counted using the up/down 
counter 250 to determine the track crossing count. The 
optical system 10 then completes its movement. In step 
425, if d < sig, then the method proceeds to step 435. 

[0093] it is decided at step 435 if the distance between the cur- 
rent track and the target track is more than the nominal 
but less than a significant distance (nom < d < sig). If 
nom < d < sig, then in step 440 the microcomputer 130 
send a first signal to the DSP 120 to disable the track 
drive signal 72 and a second signal to the DSP 120 to ac- 



tivate the carriage 65 to move the optical system 10 at the 
medium speed in a forward or reverse direction as was 
decided at step 410. Consequently, the carriage 65 is 
moved at the medium speed in an open-loop mode until a 
second pre-determined number of tracks have been 
counted using the up/down counter 250 to determine the 
track crossing count. The optical system 10 then com- 
pletes its movement. In step 435, if d < nominal, then the 
method proceeds to step 445. 

[0094] | t j S decided at step 445, if the difference between the 

current track and the target track is more than a minimal 
distance but less than a nominal distance (i.e., min < d < 
nom). If min < d < nom, then at step 450 the microcom- 
puter 130 sends a first signal to the DSP 120 to disable 
the track drive signal 72 and a second signal to activate 
the carriage 65 to move the optical system 10 at a the low 
speed in a forward or reverse direction as was decided at 
step 410. Consequently, the carriage 65 is moved at the 
low speed in an open-loop mode until a third pre- 
determined number of tracks have been counted using the 
up/down counter 250 to determine track crossing count. 

[0095] After any on of the above search movements 430, 440, 
450 has been completed the current track location is re- 



computed by the microcomputer 130 and compared to 
the target track to determine if further movement is nec- 
essary at step 470 to move the optical system 10 over the 
target track as described above. 
[0096] | n s tep 445, if d < minimal, then the method proceeds to 
step 455. The final search mode at step 455 is the most 
fine grade search. The final search mode is initiated if the 
difference between the current track and the target track 
is less than the minimal distance. The final search is con- 
ducted in closed-loop mode and characterized by a series 
of individual track movements in the direction necessary 
to reach the target track. To initiate the final search, the 
microcomputer 130 sends a signal to the DSP 120 to en- 
able the track drive signal 72. In the event that after final 
search the target location is not located for any reason the 
target track is incremented by a predetermined amount 
and the final search mode is re-initiated. At the end of 
this search, the correct track is located and the micro- 
computer initiates a transfer of data at step 460 by read- 
ing the data located on the identified track. The effective- 
ness of the high-speed search method described herein is 
enhanced by the accurate track counting of the present 
invention. 



[0097] | n another embodiment of the present invention, the 

search method 400 is generalized to operate with one or 
more rates of motion (other than 3 as has been de- 
scribed). A plurality of disjoint intervals are defined simi- 
lar to what was done in the search method 400 wherein 
four intervals were defined (see FIG. 12). Each interval de- 
fines an operating range for a rate of motion. The optical 
system 10 moves at one of the rates of motion if the dis- 
tance falls within the corresponding interval. The number 
of tracks crossed is counted to determine the current 
track, based on the up-count signal 225 and the down- 
count signal 226, while the optical system 10 is moving 
according to one of the above moving steps. 

[0098] The present invention is not to be limited in scope by the 
specific embodiments described herein. Indeed, this ap- 
plication is intended to cover any modifications of the 
present invention, in addition to those described herein, 
and the present invention is not confined to the details 
which have been set forth. Thus, the scope of the inven- 
tion should be determined by the appended claims and 
their legal equivalents, rather than by the examples given. 



